To improve the dynamic performance of permanent magnet synchronous motor(PMSM) drive system, a adaptive nonsingular terminal sliding model control((NTSMC) strategy was proposed. The proposed control strategy presents an adaptive variable-rated exponential reaching law which the L1 norm of state variables is introduced. Exponential and constant approach speed can adaptively adjust according to the state variables' distance to the equilibrium position.The proposed scheme can shorten the reaching time and weaken system chatting. The method was applied to the PMSM speed servo system, and compared with the traditional terminal-sliding-mode regulator and PI regulator. Simulation results show that the proposed control strategy can improve dynamic, steady performance and robustness.
Introduction
Permanent magnetic synchronous motors have widely been used in AC driving system due to the high efficiency, high power density and good controllability. However, it is still a challenging problem to control the PMSM to get the perfect dynamic performance, because the dynamic model of PMSM is multivariable, strong coupling, nonlinear and parameters variable [1] [2] [3] [4] [5] . So the study on speed control of PMSM has attracted considerable attention among the scholars. Many different control methods have been proposed such as adaptive control, robust control, backstepping method, direct torque control, fuzzy logic control, etc [6] [7] [8] [9] [10] .
In recent years, many scholars have devoted their research to applying sliding mode variable structure control (SMC) to PMSMs because SMC has good robustness to parameter perturbations, external disturbances and inaccurate mathematical description [11] [12] [13] [14] [15] . In [11] , a variable parameter SMC was studied using reaching law approach. This method can improve dynamic and static performances, but chattering problem is not suppressed effective. A neuron-fuzzy sliding-mode controller was reported for PMSM control system in [12] . This method weakens the effects of switching control and chattering. In [13] [14] a sliding mode observer (SMO) was proposed to estimate rotor position and velocity of PMSM using current and voltage of stator. But due to the presence of chattering, the output of the SMO needs to be passed through the LPF, which causes a time delay and requires extra compensation for the rotor position estimation. In [15] a terminal sliding mode controller of PMSM was designed for alleviating the chattering.
However, the convergence rate and dynamic performance are not satisfied.
In this paper, an adaptive variable-rated exponential reaching law is proposed, where the L1 norm of state variables is introduced. In order to shorten the reaching time, exponential approach speed can be adjusted according to the state variables' distance to the equilibrium position. Constant approach speed can also be adaptively adjusted, which can weaken the system chattering. In order to verify the validity of proposed control strategy in PMSM, control effect will be compared with traditional terminal sliding mode method and PI regulator. Simulation and experimental results show that the proposed control strategy can improve dynamic,steady performance and robustness.
Performance analysis of adaptive nonsingular terminal sliding model control
Consider the following second-order nonlinear dynamic systems:
) (t g is an uncertain term, the uncertain part is assumed to be bounded as
, l is constant number; u is input of system.For system (1), the conventional exponential reaching law is as follow:
The reaching law contains two parts. One is the exponential approach ks s . Another is constant approach ) sgn(s s H . In equation (2) , the coefficient H , k do not have adaptive function. The convergence properties cannot achieve the best performance for different position state variables.In this paper, an adaptive variable-rated exponential reaching law is proposed as:
The exponential and constant approach speed can adaptively adjust according to the state variables' distance to the equilibrium position. In equation (3) , the transient solution of exponential approach is At the same time the system chattering can be weakened. According to the nonlinear dynamic systems (1), a terminal sliding surface is proposed as:
The control law is designed as follow:
are the odd number,
In order to prove the stability of the scheme presented in (5), the Lyapunov function candidate V is defined as 2 2 1 s V (6) The time derivative of (6) In order to analysis performance of proposed controller, taking (7) 
Flux equations are as follows: 
Design of NTSMC speed controller
State variables of PMSM are as follows:
where Z is reference velocity, Z is actual velocity.
According to (8) and (10), state variables can be described as follows: The block diagram of PMSM speed-regulation system is shown in Fig. 2 . 
Simulation results
To demonstrate the effectiveness of the proposed approach, simulations of proposed method, the PI method and the traditional terminal sliding mode method in one PMSM system were made. The related parameters of PMSM are shown in Table 1 . controller. The response curve of speed, load torque and current are be shown in Fig. 4 (a) .It can be observed that the proposed method has a smaller speed fluctuation and a shorter settling time compared with the PI method when the load torque changes. Moreover, the dynamic responses of speed and current using PI method are much sensitive to loading. 
Conclusion
In this paper, an adaptive variable-rated exponential reaching law is presented which the L1 norm of state variables is introduced. Exponential and constant approach speed can adaptively adjust according to the state variables' distance to the equilibrium position. The proposed scheme can shorten the reaching time and weaken system chatting. The simulation results demonstrate the effectiveness of the proposed method. 
